Introduction. The purpose of this study was to investigate the difference in surgical outcomes between symptomatic and asymptomatic patients with primary hyperparathyroidism (PHPT) and between patients with high serum calcium and those with normal blood calcium, as well as to explore the epidemiological trend of PHPT in northern China. Methods. Clinicopathologic data of 197 patients (50 men and 147 women) with PHPT who underwent surgery at the First Affiliated Hospital of Harbin Medical University from 2008 to 2017 were analyzed. Changes in clinicopathology were compared among different subgroups of patients. Patients were categorized into subgroups based on serum calcium levels, whether or not they presented with symptoms, and admission time. Results. Of the total patients, 82.23% had hypercalcemic primary hyperparathyroidism (HCPHPT), 17.77% had normocalcemic primary hyperparathyroidism (NCPHPT), 45.18% had symptomatic primary hyperparathyroidism (SPHPT), and 54.82% had asymptomatic primary hyperparathyroidism (ASPHPT). Seventy-seven cases of PHPT involved thyroid nodules, with 22 confirmed as papillary thyroid carcinoma, and 29 confirmed as nodular goiter. There was no significant difference in the success rate of surgery, postoperative recurrence rate, and the symptoms of temporary hypocalcemia between the HCPHPT and NCPHPT groups, and between the SPHPT and ASPHPT groups. The incidence of PHPT has increased threefold since 2013. Conclusions. Symptoms and serum calcium levels did not affect the results of surgical treatment for PHPT. The incidence of PHPT in northern China is increasing. Moreover, PHPT manifestation has shifted from the symptomatic to the asymptomatic form. Thyroid surgery should be performed in PHPT patients with thyroid nodules.
Introduction
Before the 1970s, primary hyperparathyroidism (PHPT) was considered a rare disease, and patients presented with marked hypercalcemia and bone lesions or osteitis fibrosa cystica. However, with the advent of the multifunction autoanalyzer in the 1970s, the clinical phenotype changed. PHPT has become the third major endocrine disease in western countries following diabetes and osteoporosis [1] . According to reports from western countries, the incidence of PHPT has undergone 2 peaks. The first peak occurred during [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] and was mainly due to the increased prevalence of serum calcium screenings. The second peak occurred during 2000-2010 and was probably due to the targeting of PHPT screening for osteoporosis patients [2] [3] [4] . Not only the incidence but also the form of PHPT is changing. PHPT is changing mainly from hypercalcemic primary hyperparathyroidism (HCPHPT) to normocalcemic primary hyperparathyroidism (NCPHPT) [5, 6] and from symptomatic hyperparathyroidism (SPHPT) to asymptomatic primary hyperparathyroidism (ASPHPT) [7, 8] .
It is unknown whether the changes in the forms of PHPT will affect the therapeutic outcomes of PHPT. In this study, we reviewed the treatment of PHPT over the past 10 years, discussed the abovementioned problem, and analyzed the incidence and clinical characteristics of PHPT in northern China.
Materials and Methods

Study Participants.
Study participants were selected from patients treated at the Department of General Surgery at the First Affiliated Hospital of Harbin Medical University from 2008 to 2017. Patients who met the diagnostic criteria for PHPT, underwent parathyroidectomy, and had pathologically confirmed parathyroidism were included in this study. This study was approved by the ethics committee of the First Affiliated Hospital of Harbin Medical University. Demographic and clinicopathological information was collected regarding patients' sex, age, pre-operative biochemical examination, postoperative biochemical examination, pathological findings, operative cure rate, postoperative recurrence rate, and other clinical characteristics.
HCPHPT is characterized by high serum calcium levels and elevated parathyroid hormone (PTH) [9] . The diagnostic criteria for HCPHPT were as follows: histologically proven PHPT diagnosis, hypercalcemia (calcium level >2.6 mmol/L) with elevated serum PTH, and hypercalcemia with no specified cause (e.g., thiazide diuretics, cancer, creatinine level >176.8 mmol/L, or lithium therapy). NCPHPT is characterized by normal serum calcium levels and continuously elevated PTH [10] . The diagnostic criteria for NCPHPT were as follows: histologically proven PHPT diagnosis; normal serum calcium (calcium level ≤2.6 mmol/L) and high PTH levels; serum 25-hydroxyvitamin D (25[OH]D) levels above 30 ng/mL; the absence of bisphosphonates, thiazide diuretics, anticonvulsants, or lithium use; glomerular filtration rate greater than 60 mL/min; and the absence of other metabolic bone diseases or gastrointestinal diseases associated with malabsorption or liver disease. SPHPT is characterized by abnormal elevated PTH levels and is associated with organspecific symptoms, including renal disease, bone disease, gastrointestinal symptoms, mental symptoms, neuromuscular symptoms, cognitive dysfunction, and cardiovascular system symptoms [11] [12] [13] [14] [15] [16] [17] [18] . ASPHPT is characterized by elevated PTH levels in the presence or absence of hypercalcemia with no obvious clinical symptoms or target organ manifestations [19] .
Evaluations and Biochemical Analysis.
Patients underwent standard evaluations that included personal histories, family histories, physical examinations, auxiliary examinations, and blood and urinary biochemical tests. Total serum calcium (reference range, 2.08-2.6 mmol/L), phosphate (0.96-1.62 mmol/L), creatinine (35-80 mol/L), albumin (34-54 g/L), and total serum alkaline phosphatase (AKP) (reference range, 40-150 IU/L) levels were measured using an autoanalyzer (Beckman Coulter, Fullerton, California). Serum calcium was corrected using the following formula: corrected calcium (mg/dL) = (0.8 [4.0 -patient's albumin (g/dL)]) + total calcium (mg/dL). PTH level was measured using an electrochemiluminescence immunoassay (ECLIA) (reference range, 10-69 pg/mL) on a fully automated analyzer E 601 (Roche Diagnostics GmbH, Mannheim, Germany). The serum 25(OH)D concentration was measured using an enzyme immunoassay (assay reference range, 17.88-57.6 ng/mL [44.7-144 nmol/L]; Immunodiagnostic Systems, Boldon, United Kingdom).
All patients underwent cervical ultrasonography and/or technetium-99m-sestamibi parathyroid scintigraphy. All patients underwent urinary ultrasonography and/or abdominal X-ray radiography. Bone mineral density (BMD) was determined using a dual-energy X-ray absorptiometer (Lunar Prodigy; GE Medical Systems, Madison, Wisconsin).
Study
Groups. This study analyzed data from 3 sets of study groups. Based on their serum calcium levels, PHPT patients were divided into either an HCPHPT group or an NCPHPT group. PHPT patients were also divided into either an SPHPT group or an ASPHPT group based on whether they presented with symptoms or not. The clinicopathologic features and surgical results of each group were compared. Finally, according to the time of admission, patients were divided into group A for those admitted in the period 2008-2012 and group B for those admitted in the period 2013-2017. The trend of PHPT in northern China was examined by comparing groups A and B.
In addition, symptoms in each group were further divided into type I and type II symptoms. Type I symptoms were classified as single or multiple symptoms, while type II symptoms were classified according to specific symptom types.
Statistical Analysis.
The data were analyzed using IBM SPSS software (Version 19.0, IBM Corp., Armonk, NY). Continuous variables were expressed as means and standard deviations. For data that were normally distributed and had homogeneous variances, the t-test was used to assess differences between groups. For data that were not normally distributed or did not have homogeneous variances, the Mann-Whitney U rank sum test was used for analysis. Categorical variables and nonparametric variables were examined by chi-square test or Fisher's exact test. P-values <0.05 were considered statistically significant.
Results
Overall Clinicopathologic Data.
A total of 222 cases of PHPT were included, of which 23 cases were excluded because of refusal to undergo surgery, and 2 cases were excluded due to radiofrequency ablation without pathological data ( Figure 1 ). Finally, 197 cases (50 men and 147 women) were included ( Figure 1 ). The average age was 49 years (interquartile range: 43-57) ( Table 1) . Of the total patients, 162 (82.23%) presented with HCPHPT, and 89 (45.18%) presented with SPHPT. In addition, 161 (81.73%) patients had parathyroid adenoma, 30 (15.23%) had hyperplasia, 2 (1.02%) had carcinoma, and 4 (2.03%) had adenoma concurrent with hyperplasia. Among the patients with parathyroid adenoma, single adenoma accounted for 96.27% of cases, and among the patients with parathyroid hyperplasia, single parathyroid hyperplasia accounted for 66.67% of cases. Seventy-seven (39.09%) patients had concurrent thyroid nodules, of which 51 patients underwent thyroidectomy and parathyroidectomy simultaneously. Of the 51 patients with simultaneous thyroidectomy, 22 had papillary thyroid carcinoma, and 29 had a nodular goiter. The cure rate of parathyroidectomies was 96.45%. Seven cases were unsuccessful, with 4 cases having ectopic parathyroid adenoma; 1 case had multiple parathyroid adenomas that were not removed, and 2 cases had multiple parathyroid hyperplasia which was not completely removed. After surgery, 3 cases (1.52%) had a relapse.
Comparison between the HCPHPT and NCPHPT Groups.
The HCPHPT group contained 162 (82.23%) cases, and the NCPHPT group contained 35 (17.77%) cases. There was no significant difference in age and sex between the 2 groups (P >0.05, Table 2 ). In the preoperative biochemical examination, the concentrations of PTH and serum calcium in the HCPHPT group were significantly higher than those in the NCPHPT group (P <0.0001), but there was no significant difference in AKP and serum phosphorus between the 2 groups (P >0.05). Patients in the HCPHPT group were more likely to present with symptoms than patients in the NCPHPT group (P <0.05, Table 2 ); however, there was no significant difference in type I or II symptoms and composition between the 2 groups (P >0.05). Both postoperative serum calcium and phosphorus in the HCPHPT group were significantly higher than those in the NCPHPT group (P <0.05, Table 3 ). There was no significant difference between the 2 groups regarding the concentration of postoperative PTH or the diameter, type, and number of lesions. Moreover, the success rate of the operation, the postoperative recurrence rate, and the symptoms of temporary hypocalcemia were not significantly different between the groups (Table 3) .
Comparison between the SPHPT and ASPHPT Groups.
The SPHPT group contained 89 (45.18%) cases, and the ASPHPT group contained 108 (54.82%) cases. There was no significant difference in age and sex between the 2 groups (P >0.05, Table 4 ). In the preoperative biochemical examination, the concentrations of PTH, AKP, and calcium in the SPHPT group were significantly higher than those in the ASPHPT group (P <0.0001), but there was no significant difference in the serum phosphorus levels between the 2 groups (P >0.05). The postoperative serum calcium and lesion diameter of the SPHPT group were larger than those in the ASPHPT group, and the concentrations of postoperative PTH and serum phosphorus were lower than those in the ASPHPT group (P <0.05) ( Table 5 ). Concerning the pathological type of the lesion, the proportion of adenoma in the SPHPT group was significantly higher than that in the ASPHPT group, and the proportion of hyperplasia was significantly lower than that in the ASPHPT group (P <0.05). There was no significant difference in the number of lesions between the groups. The number of patients that underwent simultaneous thyroidectomy was significantly different between the SPHPT group (11.24%) and the ASPHPT group (37.96%) (P <0.0001).
Operative success rate, postoperative recurrence rate, and temporary symptoms of hypocalcemia were not significantly different between the groups (Table 5) .
Incidence of PHPT between 2008-2012 and 2013-2018.
The number of patients with PHPT was significantly higher in group B (the last 5 years) than in group A (the first 5 years), and there was no significant difference in sex, age, and pre-operative calcium between the groups (Table 6 ). The concentrations of pre-operative PTH and AKP in group B were significantly lower than those in group A (P <0.05), while that of pre-operative serum phosphorus in group B was significantly higher than that in group A (P = 0.003).
In group A, 84.09% (n = 37) of patients showed clinical symptoms which was a significantly higher proportion than that of patients with clinical symptoms in group B (33.99%, n = 52) (P <0.0001). The proportion of patients with multiple symptoms was significantly higher in group A than in group B (P=0.007), and the prevalence of renal and skeletal diseases was significantly higher in group A than in group B (P<0.001).
Discussion
This study examined whether there were differences between the surgical outcomes of patients with SPHPT versus ASPHPT and HCPHPT versus NCPHPT. By comparing the clinical features and surgical outcomes of the groups, we found no difference between the outcomes of surgical treatment. Moreover, the analysis of clinical features showed that PHPT combined with thyroid nodules was more common. By comparing the treatment of hyperparathyroidism during the last 10 years, the number of PHPT patients in the last 5 years was found to be significantly higher than that in the preceding 5 years, which was consistent with the overall increasing trend in the incidence of PHPT in recent years. Our data showed that HCPHPT is the most common form of PHPT in northern China, which is consistent with other research centers in China [20] . The pathological mechanism of NCPHPT is unclear; however, there are 2 main current hypotheses. The first hypothesis is that NCPHPT is an early-stage or attenuated PHPT [21] . Another hypothesis is that some of the tissues of patients with NCPHPT may be resistant to PTH [22] . Compared with patients with normal blood calcium, the surgical outcome of patients with elevated blood calcium was not significantly different. However, the incidence of clinical symptoms was higher in patients with NCPHPT than in patients with HCPHPT, but there was no statistical difference in the composition of the symptoms. Although the timing of surgical treatment for NCPHPT patients is somewhat controversial, studies have shown that surgery is beneficial in preventing a decrease in bone density [23] . In this study, the proportion of SPHPT patients was comparable to that of ASPHPT patients, but it was significantly lower than that reported in developed countries (70%-81.8%) [24] [25] [26] . Preoperative PTH, AKP, and calcium of the SPHPT patients were significantly higher than those of the asymptomatic group. In addition, patients with clinical symptoms were more likely to be diagnosed and have greater opportunities for surgical treatment. In terms of surgical outcomes, there was no statistical difference between symptomatic and asymptomatic patients. However, surgery can significantly improve the postoperative quality of life of patients, especially regarding neurocognition, sleep, and blood pressure [27] and also improve bone fiber results and increase bone strength [28] . Therefore, surgery was relatively large for patients with PHPT, especially those with SPHPT. In this study, 39.09% of PHPT patients had concurrent thyroid nodules. PHPT combined with thyroid nodules has attracted much attention in recent years, especially when combined with non-medullary thyroid carcinoma. The incidence of PHPT combined with thyroid nodules has increased threefold [29, 30] . Neslihan et al. [31] reported that 66.7% of PHPT patients also had thyroid nodules; the postoperative pathological results showed that 79.2% of the thyroid nodules were benign thyroid diseases, and 20.8% were papillary thyroid carcinoma. Recent studies show that a total of 60% of patients with PHPT have thyroid disease, while almost one-third of patients are not aware of this disease before the diagnosis of PHPT [32] . The incidence of PHPT coupled with either thyroid nodules or thyroid cancer is increasing, which makes diagnosis and treatment more complex. Among the 51 cases with thyroid nodules complicated with PHPT, 43.14% were combined with papillary thyroid carcinoma. In the past, the proportion of PHPT cases with thyroid cancer was 10.87%-12.9% [33, 34] . Therefore, it is necessary to perform surgical treatment for PHPT combined with thyroid disease when the pathological hyperthyroidism is removed by surgery.
In this study, the proportion of female patients was significantly higher than that of male patients, accounting for 74.62% of the total patients. This difference has been observed in multiple regions and populations. In a study of 464 PHPT patients in India, women accounted for 70.47% of all patients [35] , and in a single-center study of 300 PHPT patients in Rhode Island Hospital, women accounted for 74% of all patients [36] . PHPT is more common in women than in men, with a 3:1 sex ratio [37] . According to an epidemiological survey using big data, the prevalence of PHPT in the United States has been estimated at 23 cases per 10,000 women and 8.5 cases per 10,000 men, with an incidence of 65.5 cases per 100,000 person-years in women and 24.7 cases per 100,000 person-years in men [38] . The specific reasons for these differences remain unexplained. In this study, the average age of PHPT patients was lower than that reported in previous studies [36, 38] , especially in developed regions; however, it was higher than the average age (41 ± 14 years) reported in the previous Indian study [35] , which may be related to the regional economy and healthcare of residents as well as other factors.
The limitations of this study are as follows. First, this was a single-center retrospective study with bias in patient selection. Second, there was insufficient power to reliably evaluate the difference in cure rate between the normocalcemic and hypercalcemic groups. However, considering the proportion of patients in the present study and assuming the power was 0.9, 737 patients would have to be included in the HCPHPT group and 160 in the NCPHPT group to make the difference in the cure rate of 6.1% statistically significant.
Conclusion
Parathyroidectomy is a safe and effective treatment for HCPHPT and NCPHPT. Although patients with SPHPT are different from those with ASPHPT regarding some indicators, the differences do not affect the results of surgical treatment. We also found that the incidence of PHPT in northern China is increasing. Thyroid surgery should be performed for PHPT patients with thyroid nodules. In future studies, the hypercalcemic group could be further divided into subgroups according to the critical blood calcium value of 3.49 mmol/L to compare differences in surgical treatment outcome between PHPT patients with normal blood calcium, hypercalcemia, and severe hypercalcemia.
Data Availability
The data used to support the findings of this study are available from the corresponding author upon request.
Ethical Approval
This study was approved by the ethics committee of First Affiliated Hospital of Harbin Medical University. All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.
Consent
Informed consent was obtained from all individual participants included in the study.
